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THE FLO-SC/N 


FLOW OPERATED ALARM SW TCH 


The Flo-scan is designed for use with the Gapmet 


the Fi direct- 
indicating flowmeter. 


A small lamp housing and a photo transistor are ‘ocated 
on opposite sides of the Gapmeter tube, and the alarm js 
operated when the indicator float of the Gapmetc + inter. 
rupts the light beam: this ensures failure to safety. 


The Flo-scan signals a change in the rate of flow of any 
gas or any transparent liquid, and can be used to control 
lamps, bells or relay circuits. Two sets of contacts alloy 
‘normal’ and ‘alarm’ circuits to be operated. 


A single Gapmeter can be fitted with two Flo-scans to 
provide warning of both high and low flow deviations. 
The Flo-scan is readily adjustable and can be fitted to 
Gapmeters already in use. The weatherproof Switch Box 
can be mounted remotely. 


G. A. PLATON LTD. 


323a, Whitehorse Road, Croydon, Surrey 
Telephone: Telegrams: 


THOrnton Heath 4948 GAPMETER, Croydon 
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Editorial 


Gas helps to build locos 


HE railways in Great Britain have always been gas-minded and 
their unfavourable attitude to the use of electric lighting on their 
Stations up till a few years ago confirms this as far as the general 
travelling public is concerned, but in addition they have always realised 
that gas had considerable potentialities in their workshops. 

For many years before the nationalisation of the railways, the Great 
Western and the London, Midland and Scottish Companies had had their 
own gasworks at Swindon and Crewe respectively. The former was for 
the exclusive use of the locomotive works and is an example of forward 
thinking on the part of that Company, but being a private concern, it 
never became part of the gas industry. 

With the improvement in service made possible by the reorganisation 
of the local gas supplies by the South Western Gas Board, the Western 
Region of British Railways could see quite clearly that it would be far 
cheaper for it to take supplies from the Board than to spend a lot of 
money on repairing and modernising its own works. At the same time 
it would get the full benefit of expert advice and the well-tested service 
of the Board’s industrial engineers. 

The paper by Mr. A. Riley which we are publishing this month is an 
account of some of the developments in the use of gas that have taken 
place in the Swindon locomotive works since his Board acquired that 
particular load in 1958; it now amounts to some 360 mill. cu.ft. per year. 

This is a substantial load to one customer, but we feel that provided 
conditions there remain as they now are, it could be increased by con- 
vetting more solid-fuel, and even some oil-fired, furnaces to gas. 

The building of steam locomotives may well be a ‘ heavier’ engineering 
process than the construction of diesels, and so with the passing of steam, 
there might well be a reduction in gas consumption, but an analysis of 
the processes for which gas is being used at the Swindon works and the 
possible extension of these uses, which we get from Mr. Riley’s paper, 
makes us doubt this. 

Clearly the boiler construction shop and the connecting rod forging 
shops are big consumers of gas, but a large scale production of diesels 
may well be embarked upon, besides there will be repairs and main- 
tenance of steam locomotives for many years to come. The Swindon 
tradition, it seems to us, has always been to build its own locomotives 
even if it has meant using parts and components only standard through- 
out its own system, so it is unlikely that so drastic a change of policy 
as buying ready-made power units will appeal to the successors of so 
individual an undertaking as the Great Western. 

The processes described by Mr. Riley are essentially those of heat 
treatment and are aids to fabrication equally applicable to similar construc- 
tion in a number of industries, so whatever type of power unit will con- 
stitute the prime mover adopted by the railways of the future, the basic 
means of fabricating the components can still be done by gas, especially 
when this particular fuel has proved itself to be the handiest and there- 
fore probably ultimately the cheapest available. 
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NDUSTRIAL activity has increased 
Ii: Swindon progressively during the 
past four years and the town, which 
not very long ago had only one main 
industry, now boasts two industrial 
estates. 

With the arrival of new industries 
there has also been an increase in the 
industrial gas load, but the most 
significant rise on the curve appeared 
in the early part of 1958 when the 
South Western Gas Board acquired 
the load at the British Railways works. 

In a 12-month period up to quite 
recently the total consumption on the 
whole works was 360,000,000 cu.ft. 

Swindon was a market town of some 
importance when the Great Western 
Railway came into being. 

By December 1840 the railway had 
been extended from London to Bristol 
and the whole line, including the Box 
Tunnel, was in constant use. 

With the rapid growth of the rail- 
way arose the necessity for the pro- 
vision of a central repair depot for the 
maintenance of the rolling stock. 

The project was a tremendous en- 
deavour and included in addition to 
the repair depot a housing estate with 
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community centres, theatre, hospital, 
swimming baths, churches and public 
houses. 

Extending for a total of some 326 
acres, the works are divided into three 
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sections—locomotive, carriage and 
wagon. The present labour force is 
approximately 9,000 and the majority 
of them are employed in the work- 
shops and offices with a roof area of 
some 78 acres. 

The major part of the gas board's 
work has been carried out on the 
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locomotive side, on the north side of 
the main line to Bristol and the West 
of England. 

The mere individual with a little 
mechanical knowledge who decides to 
visit this large railway works and ex- 
pects to leave, confident that he 
understands the complete manufacture 
of a locomotive, is likely to come awa) 
somewhat disillusioned. 

Among the huge furnaces, forges. 
thumping steam hammers, whirring 
lathes and deafening _riveting 
machines in the boiler shops and other 
departments a casual visitor is lucky 
to escape with only a mild headache and 
may even consider himself fortunate to 
carry away with him an _ intelligent 
perception of the working of some ol 
the interesting machinery 

So it is with Swindon, the nursery 
and hospital of the British Railwaj 
Works, Western Region, so proudly 
referred to in pre-nationalisation days 
as ‘ The Great Western ’. 

As the visitor wends his way through 
the shops, one point at least impresses 
itself on the mind, that is the gigantic 
forces invisible and unsuspected 
almost under one’s feet requiring the 


From a paper presented to the Western Junior Gas 
Association by A. RILEY, Industrial Gas Engineer, 
Swindon District, South Western Gas Board. 
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mere ouch of a lever or button to 
release tremendous power, either to 
transform a misshapen mass of metal 
into a symmetrically shaped billet, or 
to thump the same billet into a per- 
fectly formed drawbar hook. 

Some three years ago, the British 
Transport Commission was faced with 
heavy capital expenditure for repairs 
and reconditioning of their own gas 
matufacturing plant and, in view of 
this, consideration was given to the 
possibility of taking a supply direct 
from the South Western Gas Board’s 
Swindon works at Gorse Hill. 

It was finally agreed that the gas 
board could offer an immediate supply 
of 5 mill. cu.ft. a week, commencing 
in May 1958, and this quantity could 
be increased to 11 mill. cu.ft. in May 
1959, subject to certain alterations 
being made to the board’s plant to 
meet the increased demand. 

It was decided to adopt a scheme to 
provide an independent supply main 
direct. This involved the laving of 
2,500 yards of cast main and the pro- 
ject commenced on January 12, 1958, 
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LOCOMOTIVE WORKS: A, Erectors, boilermakers and 
machine shops. B, Erectors, painters and tender shop. D,, 
yard. F, F., 
G, Smiths, springsmiths and chainmakers, H, Millwrights. 
K, Coppersmiths and sheetmetal workers. 
N, Power House. M 
Boiler 


Carpenters. D., Mason’s 
J, Iron foundry. 
L,, Tube heaters. L., Tank shop. 
Grinders. O, Machine shop. P., 
Turners and machinemen. PL, Loco. 
tenance. Q, Angle iron smiths. 
machinemen. 
TH, Testing house. U, Brass 
V., Turners and machinemen. 


Steaming shed 


Timbershed 
Oxygen plant 


works roads 
R, Fitters, 
S, Bolt makers and stamping. 

foundry. 
X, Points and crossings. 
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with a view to completion by the 
second week of the following March. 
The main was finally completed and 
tested and supply commenced on 
April 8, 1958. 

The locomotive works retained cer- 
tain personnel for their own internal 
use, but as the industrial engineer 
responsible for any advice required, I 
found it of considerable advantage to 
acquaint myself with the layout of 
feeder mains within the works. 

One would consider the rolling mills 
to be the very heart of the locomotive 
works since, aS an accommodation 
mill, there is a constant demand on it 
for a wide variety of special sections 
in iron and steel, very often at short 
notice for use both in the Swindon 
works and outside departments. 

The advantages from the existence 
of the rolling mill are many. Stocks 
of materials within the capacity of the 
mill can be kept at lower level than 
would otherwise be possible, special 
railway sections and normal sections 
to B.T.C. specifications can be rolled 
if necessary in small quantities, and at 
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repairs. 7, 


Electrical shop. 


mounting. P. ower Station. 
B nain. 14 Smiths. 


main- 
turners, and 
T, Brass finishers. 
V, Boilermakers. 


Steam hammers 


Machine stores 
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12, Carpets and polishers. 
15, Fitting and machine shop. 
17, Road vehicle building and repairs. 
Carriage lifting and repairs. 20, Horse box repairs. 21, Wagon 
building and repairs. 22, Grease work. 23, Carriage and 
wagon roads maintenance. 








05’ Turntable 


Bolt shop 


short notice, which would be un- 
obtainable from the trade, thus cover- 
ing emergency requirements resulting 
from changes in new work, building 
programmes and delay in deliveries 
from the trade. 

The furnace equipment at the 
present time comprises two Buschelling 
furnaces for iron, two billet heating 
furnaces, which are all coal fired, and 
a large Priest billet heating furnace, 
alternatively gas or oil fired. The latter 
is a comparatively recent addition and 
forms the centre piece. 

Recently extensive performance 
tests have been carried out on the solid 
fuel furnaces with a view to conversion 
to gas or oil firing. 

Valuable information was obtained 
from these exercises and if the recom- 
mendations put forward are adopted 
there can be no doubt of the ultimate 
improvement in both the finished pro- 
duct and_ conditions within the 
department. 

The Priest furnace is a standard 
continuous type, being end charged 
and end discharged. The stock is pro- 
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CARRIAGE AND WAGON WORKS: 1, Timber yard. 2, 
3, Fitting and machine shop. 
lighting equipment 
Carriage 
Carriage trimming. 


4, Coach body build- 
stores. 6, Carriage 
finishing. 8, Carriage painting. 9. 
10, Laundry polishers and sewers. 11, 
13, Frame building. 
16, Wheel shop. 
18, Stamping. 19, 
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gressed through the furnace by means 
of an electrically-operated, twin-screw 
pusher, directly on to the mill roller 
table. 

The furnace has an effective length 
of 22 ft. and a width between the side 
walls of 9 ft. 

Billets of up 
3 ft. 6 in. 


to 7 ft. long and 
square can be ac- 
commodated, although on many 
occasions the furnace chamber is 
charged with double rows of smaller 
billets. 


BURNERS 


Four Schieldrop gas/ oil burners are 
arranged in the discharge end wall 
firing back along the length of the 
furnace, with a further pair in each 
side wall, one of which fires across the 
water cooled discharge ramp, the other 
being sited approximately half way 
along the furnace. 

The burners, suitable for firing with 
gas or heavy fuel oil, are self- 
proportioning on both fuels so obviat- 
ing the necessity of automatic air 
fuel ratio equipment. 

The four main burners are con- 
trolled by automatic equipment, the 
remainder on hand control. 

The control instruments are by 
Electroflo and comprise temperature 
regulation equipment for the four end 
burners and furnace pressure. Tem- 
perature is recorded from three 
points along the furnace. 

The furnace has a capacity of four 
tons per hour and discharges via the 
40-ft. roller table directly to the 
operator at the mill. 

No recuperation is used for either 
gas or oil and when one considers the 
saving which could be effected on a 
high temperature furnace consuming 
20,000 cu.ft. an hour on maximum 
load, the additional cost of a re- 
cuperator system would, I feel. be 
amply justified. 


MONOPOLY ENDS 


Until the latter part of 1959 the nut 
and bolt forging furnaces in the bolt 
shop were exclusively oil-fired. This 
monopoly was eventually ended by the 
management’s decision to accept a gas- 
fired furnace, the result of a design 
by the South Western Gas Board’s 
Area Industrial Engineer and his staff. 

During a visit coinciding with the 
introduction of a new nut forging 
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It was calculated that with re- 
cuperation gas could be employed 
more efficiently and equally as 
economically as oil, and with the 
accent on recuperation a drawing was 
submitted. A detail is shown in Fig. 
1, together with the performance 
figures. 

In the production of nuts from 
wrought iron the main consideration 
is temperature of the order of 1,400°C. 
with a consequent slag formation. 

In the initial stages considerable 
erosion of the chamber was ex- 
perienced but, by suitable modifica- 
tions to the well of the furnace, and 
complete protection of the brickwork 
by moulded refractory, the difficulty 
was overcome and the need for 
frequent repair eliminated. 

The main feature lies in the method 
of recuperation and full benefit has 
been obtained from the waste gases 
emitted from the main chamber. 

One of the most essential require- 
ments in modern rail transport is the 
suspension, and to provide the com- 
ponents for this vital part of the 
vehicle, a department was opened for 
the production of all types of springs. 


REGENERATORS 


The use of flue gases to heat com- 
bustion air on all the spring furnaces 
has been fully exploited by the intro- 
duction of regenerators. The furnaces 
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are all completely gas-fired a 
constructed by the Davis Furr ce Co 
The setting of the springs is <arried 
out at 1000°C. while subsequc t heat 
treatment includes hardeni: a4 
850°C. and tempering at 400 

Each chamber in the battery ‘s pro. 
vided with its own pair of regen. rators 
built into the furnace — st: ucture 
beneath the floor of the | eating 
chamber. 

The regenerators ensure the maxi- 
mum amount of heat in the products 
of combustion passing through ‘o the 
flue outlets being recuperated and 
returned to the working chamber 
hearth in the form of highly preheated 
alr. 
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The regenerators are under separate 
control and if necessary the furnace 
can be operated as an entirely in- 
dependent unit. 

Built of massive chequer brickwork 
and divided by a partition wall, the 
regenerators form two distinct sections 

-one on the left-hand side and one 
on the right-hand side beneath the 
furnace chamber— each section being 
connected to its respective side of the 
heating chamber by ports which be- 
come alternatively combustion or ex- 
haust ports according to which side of 
the chamber is being fired. 

Each section of regenerator is con- 


2 Industrial furnace burners with 
a capacity of 1,000 cu.ft/hr each 


MI.28 Insulating brick 
Diatomaceous insulation 
M.R.60 Super refractory 


H.T. Castable 


Slag run off 


Castable 
refractory 
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machine, suggestions were made as to 
the possibility of using gas in the bar 
heating process. 

An initial test on the existing oil- 
fired equipment was carried out and 
the resultant figures analysed. 


Fig. 1 
Results of tests carried out on both the gas and oil-fired furnaces when identical 
materials were processed—Gas Furnace: Fuel consumed per cwt. excluding heating 
up period, 3.17 therms; fuel consumed per cwt. including heating up period, 43 
therms. Oil-Fired Furnace: Fuel consumed per cwt. excluding heating up period. 
5.3 therms; fuel consumed per cwt, including heating up period, 8.34 therms. 
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nected to its own system of gas and 
air inlets and exhausts but, at the same 
time, a three-way main control valve 
connects each system to the flue, this 
valve being operated by a common 
control lever and changeover gear. 

Two coil spring furnaces also 
operate at a temperature of 1,000°C. 
and again are divided into two work- 
ing chambers on each, with the in- 
dependent gas and air controls and 
regenerator system. 

Coil gear is assembled at the 
entrance to each heating chamber and 
as the stock reaches the required 
temperature the long bar is coiled 
direct from the furnace. 


SPRING SHOP 


During the last few months con- 
siderable re-organisation of the spring 
shop has been in progress. 

A recent addition to the furnace 
equipment is a continuous tempering 
furnace, installed by Currans of 
Cardiff. 

This furnace is working in conjunc- 
tion with a German spring former and 
the whole process is a step towards 
further modernisation of the depart- 
ment. 

Designed for operating at a con- 
tinuous temperature of 500°C. the fur- 
nace dimensions are 25 ft. by 12 ft. by 
10 ft. 6 in. high. 

Heating equipment comprises two 
low pressure gas/air burners, each 
with a maximum consumption of 
2,000 cu.ft. per hour, firing into a 
combustion chamber sited on top of 
the main structure and products pass 
into a recirculating stream before 
entering the main chamber. 


RECIRCULATION 
+H 

Recirculation is provided by two 
paddle centrifugal fans fitted with 
water cooled bearings, the hot gases 
being returned from the work chamber 
to mix with the products of com- 
bustion before passing once again to 
the work above and below the 
conveyor. 

The plates are progressed through 
the furnace on a conveyor consisting 
of 4-in. alloy steel slats with a reduc- 
tion gear drive at the feed end. 

Temperatures are automatically 
controlled and recorded by Electrofio 
equipment. 

The control pyrometer operates in 
conjunction with a Selas combined gas 
and air valve and Satchwell motor, 

ith a hand control by-pass valve for 

se as required. 

The burner system is fully protected 
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against flame failure by thermo- 
electric equipment and micro switches. 

With tne re-organisation of the 
spring shop the turnace is a valuable 
contribution and is capable of handling 
up to 14 tons of spring plates an 
hour. 

To facilitate the building and repair 
of locomotives in the erecting shop, 
such parts as frames, angle irons, 
cylinders, etc. are prepared in the 
fitting shops and handed over 
practically completed for the erectors. 

An interesting process is that of 
tyre fitting, which employs the Selas- 
type heating furnace, capable of hand- 
ling any size of wheel. 

The furnace consists of a shallow 
circular hole in the floor—in which the 
tyre is laid—and has a number of 
segmental gas/air burners which can 
be arranged around the periphery. 

The number of burners varies with 
the size of tyre and heating time may 
occupy from 20-30 minutes. 

On reaching the desired temperature 
the tyre is removed from the fur- 
nace and placed on a circular table. 
The pair of wheels for tyring is sus- 
pended with the particular wheel con- 
cerned at the bottom and lowered into 
the hot tyre. 


LOCATING RING 
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A locating ring on the wheel fits into 
the side recess machined in the tyre. 

On completion of the tyre operation 
on both wheels the assembly is then 
removed to a 7 ft. heavy duty wheel 
gauge lathe. 

Rough turning is undertaken at a 
speed of 15 ft. a minute with a metal 
removal of 17 cu.in. a minute. 

The final finish is carried out on the 
same lathe, using form tools cor- 
responding to the complete profile of 
the tyre flange and tread. 

The plant handles approximately 
6,500 pairs of new and repaired wheels 
a year in sizes ranging from 2 ft. 6 in.- 
6 ft. diameter. 

With the diesel locomotive pro- 
gramme gaining momentum it would 
seem that the necessity for large cast- 
ings is now on the decline, although 
there will no doubt be a call for some 
work as the repair programme on 
existing steam engines continues. 

The iron foundry is a large and 
exceptionally lofty building with 
ample window and natural roof light- 
ing and one cannot help noticing the 
comparatively clean atmosphere com- 
pared with some _ other _ similar 
establishments. 

The fuel used in core and mould 
drying is exclusively gas, as with ladle 
drying, and when one considers that 


the capacities of seven large brick built 
chambers are approximately 6,500 
cu.ft. each, it will be appreciated that 
the iron foundry has one of the largest 
gas consumptions in the works. 

These enormous ovens are of a 
conventional design with drilled bar 
burners projecting along each of the 
inside long walls for 18 ft. Ventila- 
tion is purely by natural convection 
the flue outlet being positioned at high 
level on the rear wall. 

In addition to the large drying 
chambers considerable use is made of 
gas-fired core ovens in the light casting 
department. 
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ORGINGS 


In addition to castings, a very large 
number of components used in loco- 
motive and carriage construction com- 
mence as forgings or stampings and 
indeed, typical examples of some of 
these components are the connecting 
rods produced in lengths of up to ap- 
proximately 11 ft. 

The ‘blooms’ for these huge forgings 
vary in length up to 8 ft. and may be 
16 in. by 7 in. in sections. 

The activities of the operatives 
handling these ‘blooms’ is a delight 
to see and like the rolling mill. 
workers are obviously highly skilled in 
their job. 

A recent addition to the stamping 
shop is a large furnace for * bloom’ 
heating. This equipment has been in- 
stalled some considerable time, but for 
a number of years has been idle due 
to its inefficiency for the particular 
application. 

The furnace had a floor area of 64 
sq.ft. which was considered too large 
even for the largest billet. Recom- 
mendations were put forward to 
modify the chamber and _ burner 
equipment. 


TWO CHAMBERS 
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These were accepted and the furnace 
now comprises two chambers, each 
fired by a nozzle mixing burner. The 
chambers are alternatively heating or 
pre-heating and are connected by an 
opening in the centre dividing wall. 

Four flues convey the products of 
combustion to atmosphere via re- 
cuperation of the multi-tube type and 
the preheated air is delivered to the 
burners by the fan producing a pres- 
sure of 14 in. w.g. at 500°F. 

The boiler shop is the birthplace of 
all new boilers used on the Western 
Region. In addition the bulk of the 
repairs are carried out here also. 

The main gas consumption is for 
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heating large copper and steel plates 
used in the construction of the boilers 
and to accommodate them two fur- 
naces are used, the largest having a 
floor area of 176 sq.ft. 

Before the flanging operation, the 
copper plates are heated in the fur- 
nace to a temperature of 800°C, and 
steel to 1,000/1,100°C. A travelling 
platform connects the furnace to the 
press which commences at 800 p.s.i. 
and is intensified to 1,500 p.s.i. towards 
the end of the operation. 

The furnace is not confined to this 
work, but is also used for other 
requirements, including the stress 
relieving of other large fabricated 
sections. 


CASE HARDENING 
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The case hardening shop has also 
been the subject of a costly re- 
organisation programme during recent 
months and with the introduction of 
furnace controls, governor equipment, 
and rebuilding, an estimation of the 
saving in fuel costs effected is £3,500 
a year. 

Five horizontal and one vertical 
furnaces handle most of the heat treat- 
ment of special steel components and, 
with the modern handling and quench- 
ing plant, the department is a highly 
efficient part of the organisation. 

The vertical furnace is probably the 
most interesting and was originally in- 
stalled for the heat treatment of gun 
barrels during the 1914-18 war. Ris- 
ing to a height of 16 ft. the furnace 
is virtually three separate chambers 
each having its own 3-in. diameter 
spiral muffle. 

Each section of the furnace is 
is heated by three gas/air blast burners 
with a total gas consumption of 2,500 
cu.ft. an hour. 


THERMOCOUPLES 
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Individual control of each section 
is obtained by thermocouples, the 
latter being linked to _ separate 
recorders, while overall flame failure 
is provided by a Flame-otrol electronic 
device of the electrode type, situated in 
the centre section. 

A constant temperature of 850°C. 
is maintained within +5°C. and it is 
significant to note that since the over- 
haul of the furnace and introduction 
of the controls five years ago there 
has not been a single reject. 

The furnace is now used exclusively 
for connecting rods, bar work and 
coupling rods, manufactured from 
high grade steels. 
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The remainder of the furnaces are 
used for case hardening, stress reliev- 
ing and various other process work 
on tool steels and are straightforward 
batch type units 14 ft. by 11 ft. 6 in. 
long. 

Some indication of the amount of 
work processed in the shop can be ob- 
tained from the gas consumption of 
$0,000,000 cu.ft a year. 

In addition to the gas consumed on 
what is considered main process work, 
there are many smaller assemblies con- 
(ributing towards this valuable load. 

Some months ago we were requested 
by the management to provide an 
alternative heating arrangement to the 
existing coke-fired hearth used in the 
rail bending process. 

High temperatures for this par- 
ticular work are not necessary and in 
fact are as low as 200°C. Complicated 
furnace equipment was not required 
and as a contribution towards economy 
it was decided to convert the exist- 
ing hearths. 

The well of the hearth was built up 
with firebrick and two gas supplies 
complete with Hypact 400 burners 
placed opposing each other, 6 in. from 
the hearth level with sufficient distance 
between them to accommodate the 
rails. 

The main gas control was by-passed 
and a short flame maintained at the 
burner heads when on standby. 


CLEANER 
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On requiring treatment for a rail 
the main gas control was opened until 
the desired temperature obtained. 

This conversion has proved very 
satisfactory for in addition to achieve- 
ing the main object of improving the 
atmosphere in the shop, the process is 
cleaner, quicker and with the con- 
venience of a single main gas control, 
costs can be maintained at their present 
level. 

The practice of tea breaks is of 
course also recognised throughout the 
locomotive works and in order that 
personnel can make their own tea in 
the shops, hot water urns are placed 
at vantage points. 

The urns are heated by gas and lit 
to ensure water is available at the right 
time. Quite often however, the urns 
reached boiling point with a con- 
sequent waste in fuel and time by the 
men responsible for filling them. 

Thermostatic control was suggested 
for each urn and since the maximum 
temperature is set at 210°F. there is 
no waste in water or fuel. (Contrary 
to belief, tea will fuse in water per- 
fectly satisfactorily at any temperature 
between 209° and 212°F.) 

Steam for space heating is used ex- 
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tensively throughout the works, 
there are many instances where 
steam supply is either not conve 
or too costly to lay on for ce 
buildings and there have been se 
cases where gas-fired unit he 
have proved to be the answer. 

With the coming of the Clean Aji 
Bill and factory regulations on the 
of open hearths, the Gas Board jas 
been consulted to provide alternative 
gas-fired equipment. 

A more recent example of this was 
the rivet-heating furnace in the boiler 
shop. 


BY WORKS STAFF 
HEHEHE 


Drawings were prepared and again 
the complete assembly of two small 
furnaces was carried out by the works 
own staff. The only component the 
Gas Board were called upon to supply 
was a non-return valve for each fur- 
nace. 

During the three years we have been 
closely associated with the manage- 
ment, extensive reorganisation has 
been in progress the main objective 
being modernisation. Many of the 
projects involve the use of our fuel. 

The lighter work on diesel locomo- 
tion will no doubt affect the gas load 
especially in departments like the iron 
foundry, heat treatment and boiler 
shops, but with the excellent facilities 
in factory accommodation existing at 
the Swindon works, maybe we shall 
see in the future production lines for 
the manufacture of diesel engine com- 
ponents, in which case gas must surely 
play an important role. 

The British Railways system is still 
the finest in the world and, in Swindon. 
they have the repair organisation com- 
plimentary to it. 


Chicken singeing 


HICKEN singeing while the birds 
were being transported was the 
subject of a recent study. The object 
was to singe 300 chickens per hour, 


each bird being covered with a film of 


moisture, by a method other than a 
manually operated gas torch. 


The appliance used consisted of four 
U.11 Duoflam burners mounted in pairs 
one above the other. Four jets were 
removed from the top of each pair of 
burners in order to provide a flame 
length of approximately 24 in. on each 
side.—From Report No. 701/59 of the 
Industrial Gas Development Committe: 
(Supplied by the West Midlands Gas 
Board). 
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by Parkinson Cowan Industrial Pro- 
ducts at AEI-Hotpoint, Peterborough. 

Until two years ago, the stoving of 
washing machines and refrigerators 
in the Peterborough plant was handled 
by two electric ovens. Demand for 
AEI-Hotpoint appliances increased 
and to cater for the stepped-up pro- 


Two 15-ft. gas- 
fired radiant heat 
ovens finishing 
washing machine 
doors in the 
Peterborough 
factory of AEI- 
Hotpoint Ltd. 
All the finishing 
ovens in this 
factory were sup- 
plied and _ in- 
stalled bv Par- 
kinson Cowan 
Industrial Pro- 
ducts. 
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duction, Parkinson Cowan Industrial 
Products installed two 15-ft. gas-fired 
radiant heat ovens. 

With the introduction of the ‘ Iced 
Diamond’ refrigerator AEI-Hotpoint 
again stepped up their production at 
Peterborough and extended the factory 
premises. Two further Parkinson 
Cowan Industrial Products ovens were 
installed with conveyors, water wash 
spray booths and electrostatic sprays. 


The two ovens involved in this 
second installation were a primer coat 
stoving oven, 72 ft. long consisting of 
144 panel units operating at 600°F., 
and a finishing coat stoving oven, 66 ft. 
long consisting of 132 panel units 
operating at 450°F. 

As a result of experience gained from 
the operation of the first two gas-fired 
radiant heat equipments, AEI- 
Hotpoint recently decided to install yet 
another gas-fired infra-red oven. 

Parkinson Cowan Industrial Pro- 
ducts again designed the plant in co- 
operation with AEI-Hotpoint and 
manufactured the ovens. 

Installation work on the new ovens, 
both 27 ft. long and consisting of 54 
panel units, was performed during a 
holiday period. 
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Car component makers 


VERY motor manufacturer relies 
| a number of outside engineer- 
ing firms for some of the most im- 
portant components entering into the 
construction of the passenger and com- 
mercial vehicle. Among the many 
parts which are bought in by motor 
manufacturers in this way is that vital 
component, the propeller shaft, the 
pre-eminent manufacturer of which is 
the well-known firm of Hardy Spicer 
Ltd., Erdington, Birmingham (a Bir- 
field Group Company). 

This Company, which has been en- 
gaged in the manufacture of propeller 
shafts, universal joints and flexible 
couplings for the motor and other 
trades since 1914, produces no fewer 
than 95% of all the shafts supplied to 
the British passenger and commercial 
vehicle industry. 

In addition, the firm supplies shafts, 
joints and couplings to manufacturers 
of locomotives, rail cars, helicopters, 
cranes, fork lift trucks and to others 


AS 


is ideal 
for heat 


treatment 
* 


engineering and _ in- 


in the general 
dustrial fields. 

Parts which are of such obvious im- 
portance to the efficient and safe 
running of the motor vehicle must 
necessarily be given the most effective 


heat treatment and gas has _ been 
selected as the fuel for this purpose. 

It offers the easy, yet positive, con- 
trol necessitated by the standards 
demanded by Hardy Spicer metallurgi 
cal and engineering departments. 

Total gas consumption for heat 
treatment and incidental processing al 
the factory amounts to approximately 
300 mill. cu.ft. a year, supplied by the 
West Midlands Gas Board. 

All necessary types of heat treat- 
ment is in use at the works, ranging 
from huge continuous gas carburising 
plant to small batch-type general heat 
treatment furnaces. 

This variety of equipment is re 
quired to deal with the many different 
components needing heat treatment 
These range from tiny needle rollers. 
weighing as little as + gramme, to forg- 
ings up to 56 lbs., which go to make up 
the completed universal joint or 
propeller shaft. 

It is perhaps not always realised that 
the conventional motor car propeller 
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shaft is made up of no fewer than a 
score of separate parts, of many differ- 
ing materials, all of which must be 
manufactured to within very fine limits 
and given the appropriate form of heat 
treatment at various stages of manu- 
facture and finishing. 

At Hardy Spicer Ltd., the heat treat- 
ment equipment is laid out in two main 
departments, serving the Hardy Spicer 
Propeller Shaft Division and _ the 
Birfield Joint Division respectively. 


WHO’S WHO 


Ihe Hardy Spicer Heat Treatment 
Department is concerned with the 
treatment of all the components of this 
type of propeller shaft and component 
parts, while the Birfield Joint Division 
deals with the heat treatment of the 
components of the celebrated Birfield 
joint, which is mainly incorporated in 
forward-wheel-drive vehicles, such as 
the Morris Mini-Minor, Austin Seven 
and Lancia Flavia. 

Both departments are exceptionally 
well-laid-out, with plenty of room for 
the service of the equipment and for 
the movement of work into and out 
of the furnaces. The buildings are 
well-lit and airy. 

In the department devoted to the 
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heat treatment of Hardy Spicer com- 
ponents, the great variety of equip- 
ment, all of which has been supplied 
and, in the main, maintained by Fuel 
Furnaces Ltd., Shady Lane, Great 
Barr, includes rotary carburisers, semi- 
continuous re-heating furnaces, pit- 
type furnaces for sub-critical anneal- 
ing treatments and traditional batch 
and continuous hardening, tempering 
furnaces, salt bath and continuous and 
batch type stress relieving equipment. 

One imposing section is a double 
row of 22 sealed rotary retort type car- 
burising furnaces, arranged 11 in each 
row, facing each other. Bearing cups 


SPPCCOCOREE SE ROE E HE HHH 
By 
ERIC FORD, 


in collaboration 
with 
J. J. T. Nicholls, A.J.M., 
Chief Metallurgist, 
Hardy Spicer Ltd. 
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and journal crosses are carburised in 
these furnaces. 

Carburising atmosphere is obtained 
from the dissociation of a hydro- 
carbon and ammonia at suitable 
temperatures and pressure, and the 
component parts are direct quenched 
from these furnaces after carburising 
and diffusion standards have been 
satisfied. 

Burner arrangement on each fur- 
nace consists of four natural-draft 
burners, firing on each side of the 
retort, the burners on each side being 
off-set with respect to one another 


PRE-HEATING 


A pre-heating period is necessary to 
bring the temperature of the com- 
ponents to the required carburising 
temperature of 920°C.—930°C. at 
which temperature carburising con- 
tinues for two to four and a half hours, 
depending upon the component and 
the depth of the case required. 

Test samples are taken at intervals 
and checked for case depth by break- 
ing and visual examination, a final 
assessment being made by grinding 
and etching. 

At the completion of carburising, 


{ general view of the double bank of 22 sealed rotary retort-type furnaces in the heat treatment department of the 


Hardy Spicer: Ltd. Propeller Shaft Division. 


which afte fitted to’ 95%, 


of British commercial vehicles. 


furnaces. 


: 


Gas is used for the heat treatment of the firm's well-known shafts. 
Note the carburising medium burning at the front of the 





the burners are controlled to permit a 
fall to 860°C. for the diffusion period. 

The components are then direct 
quenched in a quench tank situated at 
the discharge end of the retort. 

Some of the most interesting equip- 
ment in this section is the tipping pan 
furnaces which are used for the case 
refinement treatment of components. 

These furnaces consist essentially of 
nine metal pans which turn about their 
centres and slide their contents for- 
ward into the pan in front. 


Some of the British Furnaces sealed 
quench furnaces in the Hardy Spicer 
Birfield Joint Department. The ex- 
cellent layout of equipment and the 
exceptionally light and airy surround- 
ings are typical of the heat treatment 
arrangements at Hardy Spicer Ltd. 


Items for treatment arrive at the 
charging point of the furnace on a 
conveyor belt, to be introduced into an 
automatic weigher, pre-set to weigh 
the required amount of material for a 
single pan. 

Controlled by a timing device, the 
components are tipped forward at the 
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appropriate intervals. In sequence, 
trom the charging end, the contents of 
each pan are deposited into the pan in 
front, thus leaving empty the pan 
nearest to the entry point of the 
furnace. 

The contents of the pan at the dis- 
charge end are directed into a suitable 
quenchant, down a sealed chute, and 
are conveyed from this quench tank by 
an automatic conveyor. 

The contents of the automatic 
weigher are then introduced into the 
empty pan at the charging end and the 
process cycle repeated. 

By this means, the furnace is in con- 
tinuous operation and the components 
each receive the same length of time 
in the furnace. 

Two types of motivation are em- 
ployed on these furnaces. One uses a 


system of air control while the other 
is activated by mechanical means, 
using a system of cams. 

These furnaces are heated by 
natural draught burners, varying in 
number from four to eight a side, 
according to the size and type of fur- 
naces. Operating temperatures range 
between 760°C. and 820°C., accord- 
ing to component and_ material 
specifications. 

Among the other equipment in this 
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department is a low temperature str 
relieving furnace, for use at temper: 
tures of the order of 200°C. 

All carburised components 
passed through this furnace. The w« 
is placed on continuous slott 
hearth, and the burners are direct 
tangentially above the hearth a 
work. 

Elsewhere in the department, t! 
pit-type furnace is used for sul 
critical annealing. 

It consists of three  separat 
chambers, in line, respectively provic 
ing pre-heat, soak and _ controlle 
cooling. 

The burners for the soaking zone 
are forced draught, the pre-heat 
chamber being heated with waste gases 
from these. 


BATCH-TYPE 


Temperatures and cycle time vary 
according to the components and 
material specifications but are generally 
within the temperature range 600°C.- 
720°C. for from 10 to 14 hours. 


This well-equipped heat treatment 
department also contains four general 
purpose batch-type heat treatment fur- 
naces used for components requiring 
traditional hardening and tempering 
treatment at temperatures and times 
dictated by components and materials. 

A general feature of the whole 
department is the quality and amount 
of instrumentation and the care which 
is taken to ensure that there is equip- 
ment available to meet any heat treat- 
ment requirements. 

There is, for example, a gas-fired 
salt bath, fired by eight air blast 
burners. This is intended for the 
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selective tempering of components 
which require this treatment. 

The components for treatment are 
correctly arranged in specially designed 
jigs which are then lowered into the 
salt to the required depth and remain 
immersed for varying periods of time. 

They are then hoisted from the bath, 
drained of salt, moved away for a 
cooling period and later washed in 
water which is held at boiling point. 

The movement of the jigs and loads 
is made possible by an overhead run- 
way and crane. The bath has a 
temperature recorder/controller 
actuated by an immersion type 
thermocouple. 

Equipment in the Birfield Joint 
Heat Treatment Department includes 
a large continuous gas carburiser 
(British Furnaces, Chesterfield) which 
is still undergoing final commission- 
ing tests. This impressive furnace, 
which is 80 ft. in length, is a fully 
automatic two-track furnace, with a 
capacity of 44 trays of work on each 
track. 

Components carburised in this fur- 
nace will require to be machined after 
carburising and before final heat treat- 
ment. The furnace therefore com- 
prises a pre-heat zone, a carburising 
zone and a controlled cooling zone. 

Process times and temperatures will 
depend upon the component, the 
material of which it is made and case 
requirements. 


AUTOMATIC 


Operation of the furnace is fully 
automatic, every stage being clearly 
indicated by signal lights on an un- 
usually comprehensive and well-laid- 
out control panel. 

The operator can therefore observe 
the indications of the various func- 
tions of the furnace as they take place 
in sequence. 

Each of the two tracks pushes 
alternately but two trays enter the 
vestibule at the same time. It there- 
fore follows that if the loading interval 
is, say, 40 minutes, one tray leaves the 
furnace from the cooling zone every 
20 minutes. 

Complete process time through the 
furnace is about 30 hours. 


RADIANT TUBES 


Radiant tube burners are sited along 
each side of the furnace, firing above 
and below the tracks. The basic fur- 
nace atmosphere is obtained from a 
central endothermic generator station, 
vie a ring main, and is enriched with 

»pane. 

\lso in the Birfield Joint Division 

r2 five sealed quench furnaces, manu- 
tured by British Furnaces Ltd. and 


Gas Journal—GAS IN INDL 


A general view of part of the Hardy Spicer Ltd. Propeller Shaft Heat Treat- 
ment Department, showing, right, one of the tipping pan furnaces. 


used for carburising, hardening and 
tempering. 

When employed on carburising, the 
atmosphere gas is obtained from the 
central endothermic generating station 
and is again enriched with propane. 
When used for traditional hardening 
and tempering, the atmosphere is ob- 
tained from an exothermic generator. 

These five furnaces are fully auto- 
matic in operation but are manually 
loaded into and unloaded from the 
vestibule. Jigged up work is loaded on 
the lowerator in the vestibule and, 
when purging is completed, a pro- 
gramme is initiated. 


This illustration shows the discharge end of a tipping pan furnace. 


The inner furnace door is opened 
and the work pulled into the chamber 
by means of a rear mechanical 
handling unit. 

At the end of the treatment cycle, 
the work is mechanically conveyed to 
the vestibule on the lowerator for oil 
quenching in the tank below the 
furnace. 

Four radiant tube burners fire into 
the furnace from the rear, and a 
Honeywell Brown recorder /controller 
maintains the time and temperatures at 
the required levels demanded by the 
heat treatment cycle in force, which 
is controlled through a cam. 


After treat- 


ment, the components are quenched in the tank below the furnace and auto- 


matically raised from the quench by the conveyor in the foreground. 
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4 load of motor car propeller shafts ready to leave the Erdington works of 
Hardy Spicer Ltd., a member of the Birfield Group of Companies. Hardy 
Spicer, who supply about 95%, of the propeller shafts used by the British motor 


car industry, also supply large numbers to overseas manufacturers. 


Gas is 


extensively used in the important heat treatment procedures employed. 


A radiant tube burner also main- 
tains the oil quench at the required 
temperature, employing a pilot burner 
to ignite the gas at the tube burner as 
required. 

Two electrically-driven agitators are 
fitted to the quench tank. 


4 gas-fired salt 
bath is used at 
Hardy Spicer Ltd. 
for the selective 
tempering of cer- 
tain components. 
These’ can be 
seen undergoing 
treatment in the 
specially designed 
jig. 


This department is still in course of 
construction, and it is planned to in- 
corporate into the heat treatment 
arrangements a rotary hearth furnace 
for the re-heating of components prior 
to quenching. 

It will be possible to operate this 


A corner of the 
Hardy Spicer heat 
treatment depart- 
ment. The fur- 
naces shown are 
batch type units 
employed on 
general heat treat- 
ment duties. 
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furnace through a fairly wide temp 
ture range. 

The furnace will be manually lo: 
and unloaded but will otherwis« 
fully automatic in operation. 

Work from this furnace will 
transferred to an oil quench and th 
to an automatic washing machine. 
final stage in this flow-process 
comprise a stress relieving furnace 
the air re-circulation type. 

The combustion chamber will be 
top with a fan to force the heated 
down into the operating chambe 
below. 

All this new equipment will be ga 
fired. 

Atmosphere carrier gas for the car- 
burising furnaces in the Birfield Joint 
Division is produced at a _ central 
generating station, to which reference 
has already been made. 


FOUR UNITS 


This station at present comprises 
four units, with more planned for in- 
stallation in the near future. 

Town gas provides the heating 
medium, the atmosphere being 
generated in the usual way by an air- 
propane mixture passing through a 
nickel catalyst. 

Atmosphere carrier gas is distribu- 
ted as required to the different fur- 
naces by ring main and each furnace 
is then enriched with propane accord- 
ing to requirements. 

The station has been well-designed 
and laid out with every attention to 
efficiency and ease of operation. 

From this necessarily brief account 
of the heat treatment arrangements at 
the 21-acre site of Hardy Spicer Ltd., 
it will be clear that every care is taken 
to ensure that the best possible heat 
treatment techniques are applied to all 
the components despatched from this 
factory to their many customers in the 
United Kingdom and overseas. 


VITAL PART 


Heat treatment, however, is only a 
part, though admittedly a vital one, in 
the process of manufacturing a 
propeller shaft or universal joint. 

The raw materials which reach the 
Erdington site of Hardy Spicer Ltd. 
come by canal from Witton in the form 
of forgings. 

They are fabricated and machined 
in the various departments of this 
modern factory, using up-to-date 
machinery and the most efficient flow- 
process techniques. 

After heat treatment, many of the 
parts undergo other machining and 
finishing before entering the assemb!\ 
departments. 
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A great deal has therefore happened 
to the raw material before it goes 
through it final stringent testing 
schedule and is coated in anti-corrosive 
material in readiness for despatch. 

jt is the misfortune of the car 
propeller shaft that, despite the care 
which goes into its manufacture, it 
spends its life unseen except by those 
who are prepared to crawl under the 
vehicle. 

Most drivers are quite prepared to 
leave the shaft to perform its endless 


One of the outstanding features of the 

heat treatment at Hardy 

Spicer Ltd. is the careful layout of con- 

trols. Illustrated here is the impressive 

control panel of the British Furnaces gas 
carburiser. 


arrangements 


revolutions carrying the vehicle 
thousands of miles in all weathers. 
Many must have wondered at the 
efficiency with which this component 
performs its vital role. 


If it is a Hardy Spicer product, and 
the overwhelming chances are that it 
wili be, the careful heat treatment pro- 
cedures controlled by a well-equipped 
and qualified Metallurgical Depart- 
ment, to which it has been subjected, 
are jargely responsible for its long and 
trouble-free life. 


Those who drive cars in which 
Hardy Spicer Ltd. components are 
fitt’1 can also reflect upon the good 
use the Company makes of the fuel 
Supplied to it by the West Midlands 
Gas Board. 
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A view of the entry end of the con 
tinuous gas carburiser in the Birfield Joint 
Heat Treatment Department at the Hardy 
This gas-fired furnace, by 
British Furnaces Ltd., is 80 ft. long. 


Spicer plant. 


A low temperature stress relieving furnace through which all gas carburised 
components are passed. 
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Air heater 


ORK has been carried out on the 

performance of a prototype direct 
fired air heater designed and manu- 
factured by Heat and Air Systems Ltd., 
which was capable of an output of 
approximately 1.5 mill. B.t.u. per 
hour. 

The heating section consisted of two 
concentric cylinders, the outer one 
being closed at one end by a plate, 
while the annulus between them was 
closed at the opposite end. The inner 
cylinder formed the combustion cham- 
ber in which a size 2500 Hypact burner, 
with ignition and flame failure probes, 
was situated.—From Report No. 721/60 
of the Industrial Gas Development 
Committee of the Gas Council (Supplied 
by the North Thames Gas Board). 


* 


Small incinerators 


HE present design of small gas- 
fired incinerators consists generally 
of a lined firebox, grate bars, gas bur- 


ner and ash pit. Future designs may 
well include burner assemblies capable 
of smokeless incineration. The bur- 
ner should be protected from blockage 
caused by falling ash, and the grate 
bars should be of the rocking or rake- 
able type to prevent accumulation of 
ash in the firebox. 

The capacity of the ash pan should 
be sufficient to hold the ash produced 
in about seven days. Air for com- 
bustion can be taken either from the 
room in which the incinerators are 
installed or via a ducting from an out- 
side source. In either case, the air 
velocity and direction must not ad- 
versely affect the performance of the 
appliance. Flues, operating under 
natural or mechanical draught are 
essential to the operation of the 
appliance. 

An essential feature of an in- 
cinerator designed for individual use is 
the inclusion of a timing device to 
turn off the burner after a_pre- 
determined interval. This device usually 
takes the form of a dash pot mechan- 
ism which is set for operation by 
opening the charging door, and is fitted 
with means of adjustment which per- 
mits variation of the burner operating 


period. This period will vary with the 
type of installation, about five minutes 
for single appliances used infrequently, 
to ten minutes or more for heavier use. 
A flame protection device should 
ignite and provide means for safe- 
guard of the burner—From Report 
No. 718/59 of the Industrial Gas 
Development Committee of the Gas 
Council (Supplied by Watson House). 


* 


Flame protection 


THE Perlotronic type No. 90 elec- 
tronic flame protection device, em- 
ploys the principle of flame rectification 
for the detection of the pilot and sub- 
sequent control of the main gas. 

Tests showed that there was a con- 
siderable reserve of power available 
to energise the valve under normal 
working conditions, and therefore under 
adverse conditions the valve should 
give satisfactory operation. Tests 
were carried out on the life of three 
pilot burner heads ; after 180 hours 
continuous burning, one had sufficient 
carbon deposit to bridge the electrodes 
and cause failure to cut-off. 

These devices give instant shut-down 
in the event of flame failure and there- 
fore may be used on appliances with 
higher gas rates than the maximum 
recommended for thermo-electric con- 
trols—From Report No. 726/60 of the 
Industrial Gas Development Committee 
of the Gas Council (Supplied by Watson 


House). 
* 
Safety valve 


HE Jeavons type J. 54 press-button 

weep low-pressure safety cut-off 
valve (industrial pattern), has recently 
undergone tests. 

A cork washer forms the top seal of 
the press-button weep assembly and 
the diaphragm bonding rings are com- 
pressed simultaneously. The centre of 
the cover is tapped to receive a clamp- 
ing screw which, together with a steel 
packing piece, holds the valve bob on 
its seating to avoid damage during 
transit—From Report No. 726/60 of 
the Industrial Gas Development Com- 
mittee of the Gas Council (Supplied by 
Watson House). 


Pressure switc! 


THE Teddington pressure switch type 

KL/TIE/I is designed to open or 
close an electrical circuit by meais of 
static gas or air pressure or suction 
within the limits +10 in. w.g. and 
—10 in. w.g., with an operating differen. 
tial of approximately | in. w.g. The 
electric rating of the switch is 5A at 
230V. 

The main components are a flexible 
diaphragm, a compound lever system, 
and a micro-switch designed to pass the 
rated current. The diaphragm is free 
to float in a shallow chamber formed by 
two flanged steel pressings, the lower 
of which has a hollow boss at its 
centre. The upper pressing carries the 
micro-switch, terminal block and 
pillars for locating and fixing the sheet 
steel cover which is finished in grey 
crackle enamel.—From Report No. 
701/59 of the Industrial Gas Develop- 
ment Committee of the Gas Council 
(Supplied by the West Midlands Gas 
Board). 


* 


Radiant heat unit 


ESTS have been carried out on the 

Bratt Colbran high temperature 
heat processing unit to assess its 
suitability for industrial processes 
requiring high temperature radiant 
heat. 


It was concluded that this type of 
heating unit may be successfully used 
in a high intensity radiant heating 
tunnel, and that using a tunnel of three 
sections each of four units, two facing 
each other 18 in. apart and two radiat- 
ing downwards with their radiating 
surfaces at approximately 33° with the 
horizontal, will raise the temperature 
of a sheet metal object placed at the 
centre to 790°C., at an inlet gas pres- 
sure of 2.5 in. w.g., using Bray No. 
266 24 jets in the burners. Using a 
tunnel so constructed with a boosted 
inlet gas pressure of 7.8 in. w.g., the 
temperature of a sheet metal object 
can be raised to approximately 930°C. 
—From Report No. 704/59 of the 
Industrial Gas Development Com- 
mittee of the Gas Council (Supplied 
by the North Thames Gas Board) 





